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HYDROLYSIS OF THE NITROGEN FLUORIDES 
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BASIC HYDROLYSIS' OF NF3 

Nritrogen t r i f l u o r i d e  i s  extremely r e s i s t a n t  t o  chemical  a t t a c k  by 
water and aqueous a c i d ;  t h e  compound can be recovered  q u a n t i t a t i v e l y  
a f t e r  one week i n  c o n t a c t  w i th  excess  d i l u t e  a c i d  (HN03. H2S04, 
HC104) or pure water  a t  133°C. I n  t h e  presence  of aqueous base,  how- 
e v e r ,  slow h y d r o l y s i s  occurs  a t  100°C y i e l d i n g  n i t r i t e  and f l u o r i d e .  

I 100°C. 
NF3 + 4 OH- NOn- + 3F- + 2H20 

This  behavior  d i f f e r s  s h a r p l y  from t h a t  of n i t r o g e n  t r i c h l o r i d e ,  
which i s  known t o  g i v e  ammonia and hypoch lo r i t e  under  s i m i l a r  con- 
d i t i o n s .  The l a t t e r  products  a r e  r e a d i l y  exp la ined  i n  terms of 
n u c l e o p h i l i c  a t t a c k  d i r e c t e d  a t  t h e  c h l o r i n e  atoms, a mechanism which 
appea r s  r easonab le  i n  view of t h e  f a c t  t h a t  t h e  e l e c t r o n e g a t i v i t i e s  
of N and C 1  a r e  ve ry  n e a r l y  t h e  same and t h a t  t h e  ha logen  may e a s i l y  
expand i t s  va lence  s h e l l .  Obviously, t h e s e  c o n s i d e r a t i o n s  cannot be 
a p p l i e d  t o  t h e  n i t r o g e n  t r i f l u o r i d e  molecule  s i n c e  f l u o r i n e  i s  con- 
s i d e r a b l y  more e l e c t r o n e g a t i v e  t h a n  n i t r o g e n  and i t  has  no a v a i l a b l e  
d o r b i t a l s .  Although t h e  n i t r o g e n  atom a l s o  has  no  f r ee  o r b i t a l s ,  
t h e  r e l a t i v e l y  low e l e c t r o n  d e n s i t y  would a t  l eas t  o f f e r  less  re- 
s i s t a n c e  t o  t h e  approach of a nuc leoph i l e  

.- 

The proposed i n t e r m e d i a t e  HONF2 would be expec ted  t o  be u n s t a b l e  w i t h  
r e s p e c t  t o  t h e  loss of HF, a s  i s  a p p a r e n t l y  t h e  case  w i t h  t h e  unknown 
p e r f  l u o r o  a l c o h o l s  . 
Two o t h e r  r e a c t i o n  modes worth c o n s i d e r i n g  i n c l u d e  t h e  format ion  of 
an  . i n t e rmed ia t e  a c t i v a t e d  complex w i t h  water 

P 
OH- > Products  Slow 

NF3(aq.) NF3 ( a s . )  Fas t  I11 

and t h e  i n t r i g u i n g  but u n l i k e l y  r e v e r s i b l e  i o n i z a t i o n  of MF3. 
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V 
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Pre l imina ry  experiments  i n d i c a t e d  t h a t  the  ra te  of r e a c t i o n  o f  
gaseous NF3  w i th  c a u s t i c  soda s o l u t i o n  i n  a s t a t i c  system was first 
o r d e r  w i t h  r e spec t  t o  N F 3  w i t h  l i t t l e  dependence on t h e  i n i t i a l  con- 
c e n t r a t i o n  of the base. Although t h e s e  obse rva t ions  a r e  appa ren t ly  
c o n s i s t e n t  w i t h  the  f i r s t  o r d e r  equa t ions  I11 and I V  more d e t a i l e d  
s t u d i e s  show t h a t  these r e s u l t s  a r e  mis leading .  

I? t h e  r e a c t i o n s  were f i rs t  o r d e r  i n  N F 3  only,  t he  r a t e  of decrease  
of t h e  p a r t i a l  p r e s s u r e  ( P )  of N F 3  w i t h  time ( T )  i n  a c losed  sys t em 
should  be g iven  by t h e  fo l lowing  equa t ions  

where Vo i s  the  volume a v a i l a b l e  t o  gaseous N F 3 ,  Vc i s  the  volume of 
t he  c a u s t i c  soda s o l u t i o n  and Po i s  t h e  i n i t i a l  p r e s s u r e  o f  NF3 .  The 
assumption is  made tha t  a Henry ' s  l a w  e q u i l i b r i u m  i s  e s t a b l i s h e d  be- 
tween gaseous  and  d i s s o l v e d  NF3. 

I n  F ig .  1 t h e  r e s u l t s  of a number of experiments  a r e  shown p l o t t e d  
a c c o r d i n  The p o i n t s  
of  l i n e  'B" and group 
J. Bronaugh. The l i n e  "B" was ob ta ined  from a ser ies  of experiments  
i n  which samples of NF3 (4.83-7.16 m o l e )  a t  a cons t an t  i n i t i a l  
ppessu re  of one atmosphere were al lowed t o  r e a c t  w i t h  20 m l  of 0.5 N 
NaOH i o r  vary ing  l e n g t h s  of time. The cu rva tu re  of t h e  l i n e  c l e a r l y  
sugges t ed  t h a t  t h e  s t e a d i l y  dec reas ing  hydroxyl  i o n  concen t r a t ion  
( u p  t o  9CF: n e u t r a l i z a t i o n )  does indeed t end  t o  decrease  the r e a c t i o n  
ra te ,  but  t h e  e f f e c t  i s  much less  than  would be expec ted  for the 2nd 
o r d e r  equa t ion  

t o  t h e  i n t e g z a t e d  form of t h e  rate equat ion .  
A "  were c a l c u l a t e d  from d a t a  f u r n i s h e d  by H .  

N F 3  + OH- + Products  V I  

The group of  p o i n t s  " A "  was de r ived  from r e a c t i o n s  invo lv ing  samples 
of N F 3  a t  i n i t i a l  p r e s s u r e s  ranging  from 0.25 t o  2 atmospheres (1.7- 
8.7 mmole) and 30 m l  o f  0 .5  NaOH. The p o s i t i o n s  of t he  top  f o u r  
p o i n t s  of t h i s  group,  which were ob ta ined  from simultaneous runs,  
a g a i n  i n d i c a t e  t h a t  t h e  e x t e n t  o f  convers ion  of NF3 depends on the  
c o n c e n t r a t i o n  of OH-. Thus t h e  h e i g h t  of t h e  i n d i v i d u a l  p o i n t s  de- 
c r e d s e s  i n v e r s e l y  w i t h  t h e  cor responding  degree of n e u t r a l i z a t i o n  of 
the  c a u s t i c  soda. More impor tan t ,  however, i s  the  f a c t  t h a t  group 
" A "  l i e s  w e l l  below "B" showing t h a t  t h e  r e a c t i o n s  invo lv ing  2 0  m l  
of base were more than  2 / 3  as Cast  a s  t hose  w i t h  30 m l .  S ince t h e  
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FIGURE 2 . HYORMYSIS OF N2Fq AT 60'C 
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s o l u t i o n s  were c o n t a i n e d  i n  up r igh t  "Teflon" cups of i d e n t i c a l  dia- 
meter i n  each case ,  the  data i n d i c a t e  t h a t  t h e  rate of conversion of 
NF3 was s i g n i f i c a n t l y  in f luenced  by t h e  a v a i l a b l e  s u r f a c e  a r e a .  
Presumably, t h e  NF3 f a i l e d  t o  reach  an  e q u i l i b r i u m  c o n c e n t r a t i o n  i n  
s o l u t i o n  i n  s p i t e  of t he  long r e a c t i o n  times. The dependence of t h e  
r e a c t i o n  r a t e  on t h e  a r e a  of t h e  gas-1iq;j.d i n t e r f a c e  was confirmed 
i n  t h e  experiment  r e p r e s e n t e d  by p o i n t s  D" and " C "  i n  which the  
s u r f a c e  a r e a s  of t h e  s o l u t i o n s  ( 2 0  ml 0.5 N NaOH) were reduced from 
10.8 cm2 t o  8 .0  and 4 .4  cm* r e s p e c t i v e l y .  

The a p p a r e n t l y  small e f f e c t  o f  t h e  i n i t i a l  OH- c o n c e n t r a t i o n  on the 
r a t e  of h y d r o l y s i s  of NF3 is  probably  due n o t  on ly  t o  t h e  s u r f a c e  
a r e a  phenomenon d e s c r i b e d  above, but a l s o  t o  a r educ t ion  i n  the  solu- 
b i l i t y  o f l l t h e  gas  r e s F l t i n g  from inc reased  i o n i c  s t r e n g t h .  
proposed s a l t i n g - o u t  e f f e c t  Is demonstrated i n  the  experiments  re- 
p r e s e n t e d  by p o i n t s  "E", "F" and " G " .  I n  ''E", 1.0 N NaOH (30 c c )  was 
used  i n  p l ace  of t h e  0 .5  N c a u s t i c  soda employed by H. J .  Bronaugh 
for group " A " .  y e t  the  e x t e n t  of r z a c t i o n  was approximately the  same. 
H a l f  normal NaOH was a l s o  used i n  F" and "G" but  t h e  t o t a l  i o n i c  
s t r e n g t h  of t h e  s o l u t i o n s  was inc reased  t o  t h e  e q u i v a l e n t  of 1 . 0  N 
N a O H  by t h e  a d d i t i o n  of NaF and NaN03 r e s p e c t i v e l y .  I n  each  of the  
l a t t e r  experiments  t h e  r e a c t i o n  r a t e  was s i g n i f i c a n t l y  lowered, i n -  
d i c a t i n g  t h a t  i n h i b i t i o n  due t o  r i s i n g  i o n i c  s t r e n g t h  t ends  t o  p a r t l y  
o f f s e t  t he  a c c e l e r a t i o n  a s s o c i a t e d  wi th  i n c r e a s i n g  OH- concen t r a t ion .  
In  t h i s  conne,ction i t  should  be noted  t h a t  concen t r a t ed  NaOH ( 1 2  N )  
r e a c t s  extremely s lowly  w i t h  NF3. 

It i s  of i n t e r e s t  t ha t  t h e  rate of basic h y d r o l y s i s  i s  decreased  t o  
e x a c t l y  t h e  same e x t e n t  ( w i t h i n  the experimenta 1 accuracy)  by equi- 
v a l e n t  amounts of NaF o r  N a N 0 3 .  I f  t h e  r e a c t i o n  involved  mechanism 
V,  NaF would be expec ted  t o  a c t  a s  a n  i n h i b i t o r  by s h i f t i n g  the  
e q u i l i b r i u m  t o  t h e  l e f t .  Thus i t  appea r s  that  t h e  r e a c t i o n  proceeds 
v i a  t h e  n u c l e o p h i l i c  mechanism g iven  i n  equa t ion  11. 

The 

R E A C T I O N  OF NF3 WITH AQUEOUS H C 1  

Add i t iona l  suppor t  for the  proposed n u c l e o p h i l i c  mechanism of t h e  
b a s i c  h y d r o l y s i s  h a s  been provided  by a s t u d y  of o t h e r  aqueous 
systems such as h y d r o c h l o r i c  a c i d .  Although N F 3  i s  u n a f f e c t e d  by 
prolonged c o n t a c t  w i t h  e i t h e r  pu re  H C 1  or pure water a t  l33"C, the  
compound r e a c t s  s lowly  w i t h  aqueous H C 1  a t  t h i s  tempera ture ,  y i e l d i n g  
p roduc t s  which v a r y  w i t h  t h e  c o n c e n t r a t i o n  of t h e  a c i d .  N i t r i c  oxide 
and n i t r i c  a c i d  are formed by t h e  d i l u t e  s o l u t i o n  (0 .5 N )  

D i l .  H C 1  
V I  I 3NF3 + 6H20 3HN02 + 9HF 

173"C, 
L.-H?--+ 2N0 + NO3 + H 2 0  

wh i l e  t he  more h i g h l y  concen t r a t ed  r eagen t  ( 4  N )  y i e l d s  e lementary 
n i t r o g e n  and c h l o r i n e .  

H2 0 
2NF3 + 6 ~ ~ 1  133°C %2 + 3 C 1 2  + 6HF V I 1 1  

I 

/ 

/ 
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6 s  i n  t h e  case  of  t h e  b a s i c  h y d r o l y s i s  t h e  r a t e  of convers ion  of NF3 
was found t o  vary  only  s l i g h t l y  w i t h  t h e  s t r e n g t h  of the  s o l u t i o n .  
The f h c t  t h a t  NF3 r e a c t s  w i t h  aqueous H C 1  bu t  n o t  with t h e  pure com- 
pound c l e a r l y  s u g g e s t s  t h a t  i o n i c  a t t a c k  i s  involved .  The a c t i v e  
s p e c i e s  i n  the  r e a c t i o n  i s  almost  undoubtedly C 1 -  s i n c e  i t  has been 
shown t h a t  whi le  NF3 i s  i n e r t  t o  many a c i d s ,  i t  r e a c t s  r e a d i l y  w i t h  
ho t ,  n e u t r a l  sodium c h l o r i d e  s o l u t i o n  ( 4  N ) .  

REACTION OF NF3 WITH AQvEOUS NUCLEOPHILES 

F u r t h e r  i n d i r e c t  ev idence  f o r  t h e  p o s t u l a t e d  n u c l e o p h i l i c  behavior  of 
C 1 -  and OH- has  been ob ta ined  from a ser ies  of experiments  i n  which 
NF3 was al lowed t o  r e a c t  w i t h  s o l u t i o n s  con ta in ing  a n i o n s  of vary ing  
n u c l e o p h i l i c  s t r e n g t h .  It was found t h a t  f o r  t hose  s p e c i e s  t e s t e d  
t h e  e x t e n t  o f  r e a c t i o n  w i t h i n  a g iven  t i m e  and tempera ture  range i n -  
c r eased  monotonica l ly  w i t h  the accep ted  va lue2  of the nucleo-  
p h i l i c i t y  o? the  an ion .  Furthermore, a l though  NF3 d i d  no t  r e a c t  w i t h  
a c i d  s o l u t i o n s  of weak nuc leoph i l e s ,  t h e  r e a c t i o n  rate w i t h  h a l i d e s  
was incre;rsed by t h e  presence  of  hydronium ion ,  a s  would be expec ted  
for an  Sn2 mechanism invo lv ing  t h e  l o s s  of f l u o r i d e  

+ F2N-F + H30+ FzN-FH + H 2 0  
X 

The r e s u l t s  of a number of experiments  i nvo iv ing  n u c l e o p h i l i c  
r e a g e n t s  a r e  l i s t e d  i n  Table  I .  I n  t h e  s t r i c t e s t  sense  i t  i s  not  
p o s s i b l e  t o  compare the  r e l a t i v e  degrees  of r e a c t i o n  s o l e l y  on t h e  
b a s i s  of  t h e  n u c l e o p h i l i c i t y  of the s t a r t i n g  m a t e r i a l  because ' r e -  
a c t i v e  i n t e r m e d i a t e s  may i n f l u e n c e  t h e  o v e r a l l  convers ion  rate.  The 
vary ing  s t o i c h i o m e t r i e s  a l s o  impose r e s t r i c t i o n s  f o r  t h o s e  exper i -  
ments whicii i nvo lve  small q u a n t i t i e s  of aqueous reagent  and a r e  t h u s  
s u b j e c t  t o  unequal  changes i n  c o n c e n t r a t i o n  f o r  a g iven  amount of 
NF3 reac t ed .  I n  s p i t e  of  t h e s e  l imi ta_ t ions  the data c l e a r l y  in -  
d i c a t e  t h a t  t h e  r e a c t i o n  r a t e s  i n c r e a s e  w i t h  n u c l e o p h i l i c  s t r e n g t h  
i n  t h e  o r d e r  

- 
 NO^-, c104-, so4= < < c1- < B r -  < OH- cr I- < s203- 

REACTIONS OF NF3 WITH ELECTROPHILES 

I n  h i s  e a r l y  work on NF3 Ruff3 r e p o r t e d  t h a t  t h e  compound was s t a b l e  
t o  P.lC13 a t  red h e a t .  I n v e s t i g a t i o n s  i n  t h i s  l a b o r a t o r y  show t h a t  
NF3 does r e a c t  w i th  A 1 C 1 3  under  mild c o n d i t i o n s  (80°c ,  4 days )  t o  
produce n i t rogen  and c h l o r i n e .  

* 135°C. The peac t ion  presumably invo lves  coord ina t ion  of a f l u o r i n e  
atom or' NF3 t o  t h e  vacant  orbital of the aluminum atom, as is  be- 
l i e v e d  t o  be t h e  case  wi th  t h e  c h l o r i n a t i o n  o f  f l uo roca rbons  by 
A l C l 3 .  

Chlor ine  i s  l i b e r a t e d  r a p i d l y  a t  

Reac t ions  conducted i n  a Te f lon  I R  c e l l  gave no evidence f o r  
t h e  format ion  of  gaseous  i n t e r m e d i a t e s  such as NF2C1. 
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Nitrogen t r i f l u o r i d e  is  r e a d i l y  conver ted  t o  ammonium i o n  by a c i d i c  
or n e u t r a l  f e r r o u s  s u l f a t e  s o l u t i o n  a t  60"c.  

4H'+6Fef2 + NF3 + NH4+ + 3F- + Gpef3 XI 

I n  a t y p i c a l  experiment NF3 (3.18 mmole, Po = 0.69 atm) was main ta ind  
i n  con tac t  w i t h  the  aqueous s a l t  (20 m l ,  0 .5  IJ) f o r  12 days,  r e s u l t i n g  
i n  t h e  d e s t r u c t i o n  of about  44 p e r  cen t  of t h e  NF3. 

F e r r i c  c h l o r i d e  s o l u t i o n s  r e a c t  very  s lowly wi th  NF3 a t  100°C; t h e  
FeC13 a c t s  a s  a h y d r o l y s i s  c a t a l y s t ,  y i e l d i n g  n i t r i c  ox ide  and 
n i t r a t e .  T h i s  c a t a l y s i s  i s  not  a g e n e r a l  p r o p e r t y  o f  t h e  t r a n s i t i o n  
me ta l  i o n s  a s  shown by the t o t a l  i n e r t n e s s  of N F 3  t o  s o l u t i o n s  of 
CoCl2, MnS04, CuS04 and NiS04 a t  100°C over  pe r iods  up t o  seven days. 

HYDROLYSIS OF N2F4 

Din i t rogen  t e t r a f l u o r i d e  reacts more r e a d i l y  t h a n  NF3 w i t h  aqueous 
s o l u t i o n s ;  a t  133°C i t  i s  r a p i d l y  des t royed  by c o n t a c t  w i t h  a c i d i c ,  
b a s i c  and n e u t r a l  s o l u t i o n s .  The r e a c t i o n  w i t h  c a u s t i c  soda pro- 
duces mainly n i t r o u s  oxide  and n i t r i t e  a long  w i t h  a t r a c e  of  n i t r o g e n .  

With water  and aqueous HC1 s i g n i f i c a n t  q u a n t i t i e s  of n i t r o g e n  and 
n i t r a t e  a r e  formed i n  a d d i t i o n  t o  n i t r i c  oxide.  S u r p r i s i n g l y ,  t h e  
amount of n i t r o g e n  produced was found t o  be g r e a t e r  w i t h  water t h a n  
wi th  4 N H C 1 ,  and i n  n e i t h e r  i n s t a n c e  was a s  much N 2  formed as i n  t h e  
co r -e spond ing  r e a c t i o n  of NF3 w i t h  4 N HC1. 
(~0-lOO"C) NzF4 is  n e a r l y  q u a n t i t a t i v e l y  conver ted  t o  NO by water  and 
d i l u t e  H C 1  ( 0 . 5  N ) .  

The r e s u l t s  of a number of experiments  on the k i n e t i c s  of the N2F4- 
H 2 0  system are summarized i n  F igure  2 .  The h y d r o l y t i c  mechanism i s  
obvious ly  complex as i n d i c a t e d  by the  long induc t ion  p e r i o d s  and the  
subsequent  exponen t i a l  i n c r e a s e  i n  t h e  r e a c t i o n  r a t e s .  The t o t a l  
time r equ i r ed  t o  comple te ly  d e s t r o y  t h e  N2F4 shows a d i f f i c u l t l y  re- 
p roduc ib le  i n v e r s e  dependence on the i n i t i a l  p r e s s u r e  of  t h i s  
compound. The e f f e c t  of N2F4 p r e s s u r e  on the o v e r a l l  r e a c t i o n  rate 
has been confirmed i n  o t h e r  experiments .  In  a t 3 i c a l  s e r i e s ,  N 2 F 4  
samples a t  c o n c e n t r a t i o n s  of 0.65, 1.27, 2.53, 3 5 and 5.22 mmole/ 
100 m l  were hea ted  wi th  water f o r  5 days a t  35"C, 6 days a t  50°C and 
6 days a t  60"c.  The f irst  t h r e e  samples ( l o w  p r e s s u r e s )  were re -  
covered q u a n t i t a t i v e l y  while the f o u r t h  and f i f t h  samples r e a c t e d  t o  
t h e  e x t e n t  of 6% and 100% r e s p e c t i v e l y .  

< 

A t  lower tempera tures  

The marked a c c e l e r a t i o n  of t h e  hydro lys i s  w i t h  time is  a p p a r e n t l y  a 
r e s u l t  of secondary r e a c t i o n s  i n i t i a t e d  by l l the  product  n i t r i c  oxide.  
The T a s t e s t  and s lowes t  r e a c t i o n  ["E"  and D " ]  i l l u s t r a t e d  i n  F ig .  2 
were conducted under  i d e n t i c a l  cond i t ions  except  f o r  the  a d d i t i o n  of 



10 mole < of n i t r i c  ox ide  t o  t h e  N2F4 i n  "E". The h y d r o f l u o r i c  a c i d  
formed a l s o  e x e r t s  a p o s i t i v e  i n f l u e n c e  on t h e  r a t e ,  bu t  t o  a lesser 
degree  t h a n  n i t r i c  ox ide .  

Both hydroch lo r i c  a c i d  ( 0 . 5  N )  and sodium hydroxide ( 2  N )  profoundly 
a l t e r  t h e  r e a c t i o n .  The h a l i d e  causes  t h e  complete d e s t r u b t i o n  of 
N2F4 a t  low p r e s s u r e s  i n  l e s s  t han  10 days whi le  t he  hydroxide 
produces a slow, s t e a d y  r e a c t i o n  w i t h  no i n d i c a t i o n  of a n  induc t ion  
p e r i o d  o r  i n c r e a s i n g  r a t e  w i t h  time ( l i n e  "F") .  

Experimental  r e s u l t s  on t h e  N2F4-H20 r e a c t i o n  were very  d i f f i c u l t  t o  
d u p l i c a t e ;  t h e  l i n e s  C and C 1 ,  which a r e  v a s t l y  d i f f e r e n t ,  were ob- 
t a i n e d  from supposedly i d e n t i c a l  runs,  u s ing  N2F4 and water from t h e  
same sources .  The l a r g e  v a r i a t i o n s  i n  r e a c t i o n  ra te  a r e  be l i eved  t o  
b e  due t o  minute amounts of oxygen remaining i n  t h e  s t a r t i n g  
m a t e r i a l s  even a f t e r  c a r e f u l  p u r i f i c a t i o n  inc lud ing  b o i l i n g  and 
vacuum degass ing  of t h e  water. I n  c o n t r o l  experiments ,  oxygen was 
found t o  be a t  l e a s t  10  times as e f f e c t i v e  a s  n i t r i c  oxide i n  pro-  
moting t h e  r e a c t i o n ;  t h e  a d d i t i o n  of about  one mole p e r  cen t  of t h e  
g a s  (based  on N2F4) t o  t h e  mixture  reduced t h e  t o t a l  convers ion  time 
by a ve ry  c o n s e r v a t i v e l y  e s t ima ted  f a c t o r  of f o u r .  

The above obse rva t ions  are c o n s i s t e n t  w i t h  t h e  fo l lowing  r e a c t i o n  
scheme : 

Slow 
N 2 F 4  + 2H20 ..d 2N0 + 4HF X I 1 1  

4NOF 
F a s t .  

2NO2 + N2F4' 

XTV 

xv 

XVI 

XVI I F a s t  
2NOF + H20- > N O 2  + NO + 2HF 

The fo rma t ion  of some n i t r o g e n  d iox ide  (eq .  X I V )  a t  60"c appears  
l i k e l y  i n  view of t h e  f a c t  t h a t  l a r g e  q u a n t i t i e s  of t h i s  g a s  were ob- 
se rved  i n  t h e  p roduc t s  of s imilar  r e a c t i o n s  a t  h i g h e r  tempera tures  
(133°C). Eyperiments i n  t h i s  l a b o r a t o r y  have confirmed t h a t  N2F4 
i s  r e a d i l y  a t t a c k e d  by NO2 ( eq .  X V I )  g i v i n g  NOF, which would i n  t u r n  
r a p i d l y  hydrolyze and t h u s  r e g e n e r a t e  t h e  NOz (eq .  X V I I )  . Inc reas ing  
a c i d i t y  would f a v o r  h i g h e r  c o n c e n t r a t i o n s  of f r e e  NO2 by s h i f t i n g  the  
e q u i l i b r i u m  (XV)  t o  t h e  l e f t .  By analogy t o  t h e  chemis t ry  of NF3 
c a u s t i c  soda might b e  expec ted  t o  be more e f f i c i e n t  t han  water i n  the  
d i r e c t  ( n u c l e o p h i l i c )  a t t a c k  on N2F4, bu t  secondary r e a c t i o n  would be 
i n h i b i t e d  by t h e  removal of NO2. ObviORSly oxygen would immediately 
conve r t  any  NO p r e s e n t  t o  N O 2 .  

HYDROLYSIS OF c i s -  AND trans-NzF2 

Few a u t h o r s  who have worked wi th  d i f l u o r o d i a z i n e  have f a i l e d  t o  
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comment on t h e  " v a s t "  d i f f e r e n c e  i n  t h e  r e a c t i v i t i e s  of t h e  two i s o -  
mers. It i s  t h e r e f o r e  s u r p r i s i n g  t h a t  trans-N2F2 i s  only  moderately 
more r e s i s t a n t  t han  cis-N2F2 t o  a t t a c k  by water. Both materials are  
una f fec t ed  by excess  water a t  60"c over  a p e r i o d  of  1 5  hours .  
c i s - i s o m e r  hydro lyzes  s lowly  a t  74°C (30% i n  17 h o u r s )  whi le  t h e  
t r a n s -  compound r e a c t s  a t  a s i m i l a r  ra te  a t  8 9 " ~ .  I n  each  case t h e  
major  p roduc t s  a r e  n i t rogen ,  oxygen and hydrogen f l u o r i d e .  

The 

XVI I I 

FLtrous oxide i s  a l s o  formed, bu t  on ly  i n  minor q u a n t i t i e s  (< 3 % ) .  

The T e s u l t s  of a number of h y d r o l y t i c  experiments  w i t h  t h e  c i s -  and 
trans-N2F2 a r e  summarized i n  F igu res  3 and 4. 
The d a t a  i n  F lgure  3 were obta ined  by a l lowing  samples of trans-N2F2 
a t  8 9 " ~  t o  r e a c t  w i th  5 m l  p o r t i o n s  of water, aqu;oy  NaOH (2  N )  o r  
aqueous H C 1  ( 0 . 5  N )  i n  Pyrex ampoules. The l i n e  A , drawn through 
t h e  c i r c l e d  p o i n t s ,  shows t h e  loga r i thmic  rate o f  change i n  t h e  
number of mi l l imo les  of trans-N2F2 i n  con tac t  w i t h  water. Line "B" 
was d e r i v e d  by p l o t t i n g  t h e  f u n c t i o n  log  ( N o - 2 / 3  n )  where No i s  t h e  
i n i t i a l  concen t r a t ion  of trans-N2F2 and n i s  t h e  t o t a l  $mount o f  non- 
condens ib le  gas  produced a t  any g iven  time. The l i n e s  C "  and "D" 
were ob ta ined  from experiments  i nvo lv ing  aqueous NaOH ('2 N )  and 
aqueous !C7; ( 0 . 5  N )  r e s p e c t i v e l y  and were p l o t t e d  on t h e  same basis 
a s  l i n e  A . 
If t h e l l r e a c t i o n  Proceeded q u a n t i t a t i v e l y  accord ing  t o  e q u a t i o n  XVIII, 
l i n e s  A "  and " B '  should  be superimposed. The d i f f e r e n c e  between 
t h e s e  l i n e s  i s  a t  l e a s t  p a r t l y  due t o  th,e fo rma t ion  of n i t r o u s  oxide .  
Also, i n f r a r e d  s p e c t r o s c o p i c  s t u d i e s  on t h e  o r i g i n a l  and p a r t i a l l y  
r e a c t e d  trans-N2F2 sugges t  t h a t  t h e  m a t e r i a l  may have con ta ined  a 
small amount o f  unde tec t ab le  impur i ty  which would have caused a 
s l i g h t  bu t  p r o p o r t i o n a l l y  c o n s i s t e n t  ove res t ima t ion  of t h e  amount of 
N2F2 p r e s e n t .  

A s i m i l a r  s e t  of experiments  i nvo lv ing  a mixture  of c is-  and t r a n s -  
N2F2 (67% c i s )  a t  74°C i s  recorded i n  F ig . l14 .  
ol" t r a n s -  and cis-N2F2 a r e  g iven  by l i n e s  E" and "F" r e s p e c t i v e l y .  
The p o i n t s  enc losed  by squares  expres s  t h e  r a t e  of fo rma t ion  of non- 
condens ib le  gases  ( N 2  and 0 2 )  from cis-N2F2 i n  terms of t h e  f u n c t i o n  
log[No-2/3n - A ) ]  where No i s  t h e  i n i t i a l  amount of t h e  c i s  isomer, 
n i s  t h e  total amount of non-condensible  gas  produced i n  t h e  g iven  
time and A is  t h e  amount of t r ans - i somer  r e a c t e d  a s  c a l c u l a t e d  from 
l i n e  "E".  The e x c e l l e n t  agreement between t h e  non-condensible  
f u n c t i o n  and l i n e  "F" i s  probably  somewhat f o r t u i t o u s  s i n c e  d e t e c t -  
a b l e  q u a n t i t i e s  of N20 were a l s o  formed. 

A f t e r  t h e  complet ion o f  t h e  preceding  experiment ,  t h e  remaining i s o -  
meric  mixture  was a l lowed t o  r e a c t  w i t h  2 N NaOH under  s i m i l a r  con- 
d i t i o n s  of tempera ture  and p r e s s u r e .  No change i n  t h e  r e a c t i o n  ra te  
occur red  as i s  i n d i c a t e d  by the  p o i n t s  i n  p a r e n t h e s e s  i n  F ig .  4 .  

The above data  sugges t  two impor tan t  conclus ions  : 

The r e a c t i o n  r a t e s  

1. The r e a c t i o n s  of c i s -  and trans-N2F2 wi th  water a r e  each  
f i r s t  o r d e r  w i t h  r e s p e c t  t o  t h e  n i t r o g e n  f l u o r i d e .  
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2.  The hydro lyses  do no t  proceed v i a  n u c l e o p h i l i c  a t t a c k  on N2F2 

The second conclus ion  i s  based on the obse rva t ions  t h a t  t h e  s t r o n g  
nuc leoph i l e  OH- does no t  s i g n i f i c a n t l y  a c c e l e r a t e  t h e  r e a c t i o n s ,  and 
on the  f a c t  t h a t  very  l i t t l e  n i t r o u s  oxide i s  produced. 

Because N 2 F 2  i s  a s t r o n g l y  endothermic compound, i t  i s  necessary  t o  
cons ide r  no t  on ly  d i r e c t  chemical a t t a c k  by wa te r  

4 

H2 0 
FN2P.i*H\OH F2N* -F -OH + HF-+ Products  XIX 

b u t  a l s o  t h e  thermal  decomposi t ion of t h e  n i t r o g e n  f l u o r i d e  t o  t he  
elements .  
a d d i t i o n a l  q u e s t i o n  of p o s s i b l e  competing r e a c t i o n s  w i t h  t h e  con- 
t a i n e r  walls. 

The r e p o r t e d  r e a c t i v i t y 5  of cis-N2F2 toward g l a s s  poses  an 

In an e f f o r t  t o  r e s o l v e  these problems a s tudy  was made of the decom- 
p o s i t i o n  of  N2F2 i n  g l a s s ,  bo th  a lone  and i n  the  p resence  of e l e -  
mentary n i t r o g e n .  The exper imenta l  r e s u l t s  g iven  i n  Table  I1 i n d i c a t e  
t h a t  bo th  isomers  decompose s lowly  a t  the p r e v i o u s l y  e s t a b l i s h e d  
hydro lys i s  tempera tures  and t h a t  t h e  r e a c t i o n  r a t e s  i n c r e a s e  w i t h  the  
t o t a l  p r e s s u r e  of  the  system. V a r i a t i o n s  i n  the  a v a i l a b l e  g l a s s  
su r face  a r e a  a p p a r e n t l y  do no t  s i g n i f i c a n t l y  a l t e r  the  r a t e s .  These 
obse rva t ions  sugges t  tha t  the h y d r o l y t i c  r e a c t i o n s  may proceed,  a t  
least  i n  p a r t ,  v i a  a s imple decomposi t ion mechanism of  t h e  type 

xx H2 0 N2F2 + M + N2 + F2 + M------>Products + M 

where M i s  any molecule. Hydroly t ic  a t t a c k  i s  no t  completely pre-  
c luded by t h e  above evidence s i n c e  water vapor  ( i n  e q u l l l b r l u m  wi th  
t h e  liquid) was found t o  be approximate ly  twice  as e f f i c i e n t  a s  an  
equa l  p r e s s u r e  of n i t r o g e n  i n  des t roy ing  t h e  isomers .  I n  t h i s  con- 
n e c t i o n  It may be noted  that  n i t r i c  oxide was cons ide rab ly  more 
a c t i v e  than  wa te r  under  s i m i l a r  c o n d i t i o n s .  

The s e n s i t i v i t y  of t he  decomposi t ion r a t e  t o  p r e s s u r e  o f f e r s  a 
reasonable  exp lana t ion  f o r  t h e  r e p o r t e d  h igh  degree o f  r e a c t i v i t y  of 
cis-N2F2 (unde r  h igh  p r e s s u r e s )  toward g l a s s 5  a t  ambient tempera tures  
a s  compared w i t h  the r e l a t i v e  i n e r t n e s s  ( a t  low p r e s s u r e s )  of th i s  
system observed I n  t h i s  l a b o r a t o r y .  

Obviously, a l l  o f  t h e  above exper imenta l  r e s u l t s  may be e q u a l l y  w e l l  
i n t e r p r e t e d  i n  terms of t h e  r e v e r s i b l e  fo rma t ion  of a n  a c t i v a t e d  
i n t  e rme d ia .  t e 

+ M XXI 
e t c .  

a t  l e a s t  i n  the  case  of the t r a n s  isomeg, mechanism X X I  i s  suppor ted  
by the  work of Schaap, Nev l t t  and Z l e t z  
compound i s  s t a b l e  in s t e e l  a t  82Oc under  p r e s s u r e s  as h igh  a s  3,400 
atm. 

which i n d i c a t e s  t h a t  the 

The c i s  isomer was r e p o r t e d  t o  d e t o n a t e  under  similar c o n d i t i o n s .  
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In  s t u d y  of the  i somer i za t ion  of trans-N2F2 i n  copper, Colburn e t  
a 1  noted  that  e x t e n s i v e  decomposi t ion t o  t h e  elements  occurred a t  
t empera tures  above 300°C. S i m i l a r  experiments  i n  t h i s  l a b o r a t o r y  
have shown t h a t  t h i s  r e a c t i o n  a l s o  occurs  a t  much lower tempera tures  
(175-200OC) and t h a t  t h e  r a t e  i s  s t r o n g l y  pressure-dependent .  The 
r e s u l t s  o f  a t y p i c a l  s e r i e s  of runs ,  as g iven  i n  Table  II1,demon- 
s t r a t e  t h a t  t h e  e x t e n t  of decomposi t ion i n c r e a s e s  g r e a t l y  w i t h  t h e  
p r e s s u r e .  The r e l a t i v e l y  low r a t i o  of c i s -  t o  trans-N2F2 recovered  
i n  Experiment 1 sugges t s  tha t  the  c i s  isomer i s  more r a p i d l y  de- 
s t r o y e d  than  t h e  t r a n s  compound. 

TABLE I11 

ISOMERIZATION OF trans-NrFr 

EXPERIMENTAL 

Sea led  pyrex ampoules (ea. 135 m l )  equipped w i t h  one o r  more break 
s e a l s  were used f o r  a l l  h y d r o l y t i c  r e a c t i o n s .  In  the experiments  i n -  
vo lv ing  NF3 and c a u s t i c  soda, the  base was con ta ined  i n  loose-  
f i t t i n g  Tef lon  cups w i t h i n  t h e  ampoules t o  p reven t  a t t a c k  on t h e  
g l a s s .  I n f r a r e d  spec t roscopy was g e n e r a l l y  used f o r  the a n a l y s i s  of 
gaseous  p roduc t s .  

Ni t rogen  t r i f l u o r i d e  and d i n i t r o g e n  t e t r a f l u o r i d e  were ob ta ined  from 
Pen insu la r  ChemResearch Inc .  and A i r  Products  Inc .  r e s p e c t i v e l y .  Di- 
f l u o r o d i a z i n e  was prepared  by the  r e a c t i o n  of N2FB with A1C13 a t  
- 7 8 " ~ .  7 
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